Abstract -Multi-user multi-input multi-output (MU-MIMO) system has attracted the 4 th generation wireless network as one of core technique for performance enrichment. In this system rate control is a challenging problem and another problem is optimization. Proper scheduling can resolve these problems by deciding which set of user and at which rate the users send their data. This paper proposes a new multi-parameter based scheduling (MPS) for downlink multi-user multiple-input multiple-output (MU-MIMO) system under space-time block coding (STBC) transmissions. Goal of this MPS scheme is to offer improved link level performance in terms of a low average bit error rate (BER), high packet delivery ratio (PDR) with improved resource utilization and service fairness among the user. This scheme allows the set of users to send data based on their channel quality and their demand rates. Simulation compares the MPS performance with other scheduling scheme such as fair scheduling (FS), normalized priority scheduling (NPS) and threshold based fair scheduling (TFS). The results obtained prove that MPS has significant improvement in average BER performance with improved resource utilization and fairness as compared to the other scheduling scheme.
Introduction
Multiuser multiple-input multiple-output (MU-MIMO) technology deployed to send message to multiple user without increasing transmit power or bandwidth in WLAN access point and in cellular base station. Downlink data rate of such system are linearly maximized with the number of transmitter antenna in rich multi path environment [1, 2] . Proper scheduling in such system extracts multiuser diversity [3, 4] . Mostly, multi user scheduling scheme [5] used to schedule the user with the best channel quality. The scheduler of generalized selection combining (GSC) proposed in [6] select the Ks user with the largest SNR from the K active user (where Ks ≤ K) in each time-slot. A scheduler proposed in [7] interacts with the physical layer for sum rate improvement. Proportional Fair Scheduling (PFS) algorithm shown in [8] provides fairness among users instead of simply selecting best users. Open loop transmit diversity of a simple proportional fair scheduler exhibit poor performance as compared to closed loop transmit diversity scheme under wide range of mobility condition studied by Berger et al [9] . Multi-user diversity gain extracted by opportunistic scheduling proposed for single-antenna multi-user system [6] and then extended for multiple-antenna system [10] . A simple multiuser switched scheme is proposed in [14] to simplify the user selection process. Work on linking spatial diversity with multiuser diversity is proposed in [15] . In this scheme the user whose channel condition is higher than the predetermined threshold value is scheduled. In the existing MAC layer downlink scheduling, despite MIMO advantages, we see the performance gap among the max-min fair scheduling presented in [11] , proportional fair scheduling and threshold based fair scheduling shown in [12] and [16] . Finding the threshold is crucial for system performance and resource utilization. These issues were not well addressed in [16] . This paper proposes a new multiparameter based scheduling to fill the gap between the existing scheduling. This scheduler allocates resource based on user channel quality and their demand data rate. First the scheduler grants resource for the set of user whose channel quality is high and their demand rate is low, then it grants resource for the another set of user whose channel quality is high and their demand rate is medium. This way this scheduler grants resource to set user according to case Table 1 . Then, we compare the proposed scheduler performance with other scheduler like fairness scheduler (FS), normalized SNR scheduler and threshold based scheduler (TFS).
This paper organized as follows. Section II presents system overview. Section III describes various scheduling algorithms. Section IV discusses the simulation results of the new resource allocation scheme and Section V offers concluding remarks.
System Model
In this section, downlink multiuser MIMO system [17] with different scheduler (MPS) is modeled with single base station (BS) shown in Fig. 1 . Let 'L' be the pair of transmit antenna available at base station. And 'N' is the number of active mobile user each with pair of receive antenna. Here the BS scheduler probes all 'N' user channel state information. Base station scheduler schedule the active user based on their channel quality and demand rate. Then it grants available resources to the scheduled user. The BS uses 2X2 Alamouti -STBC code in physical layer.
Fig. 1: Downlink model of MU-MIMO system
It is assumed that the channel quality stays stationary during a time slot. User scheduling and resource granting process is carried during the guard period. In subsequent data burst the resource granted user performs data transmission.
Scheduling Algorithms
We assume that the base station knows the channel state information of all active users. It can select a group of user from the entire active user to achieve the better performance with the help of various scheduling. Here the equal number of transmit antenna (two) are allotted per user in the time slot among active user by considering the number of resource available. The following scheduling algorithms are used in the scheduler at the base station for performance comparison.
Fair Scheduling (FS)
Let 'N' be the total number of active users who send their channel state information (CSI) to BS in a time slot k t . Let 'L' be the total number of resources available at the base station. This scheduler grants resources based on first come first serve (FCFS) basis. Let 1 2 3 { , , ,... .. }
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x x x x x be the active users in the BS at time slot k t as fair scheduler grant resource based on first come first serve basis, first L number of users is scheduled by this scheduler. This scheduler maintains the service fairness but the average BER performance of the system under this scheduling is poor. In order to improve the average BER performance normalized priority scheduling is modeled in [13] .
Normalized priority scheduling
Normalized priority scheduler receives SNR information from all users at each time slot k t and it computes normalized SNR of each user which is based on this user's previous slot SNR value. User's SNR value is normalized as and when user's SNR value is changed. Then it assigns resource based on these normalized SNR value. Hence improved level of fairness is incorporated as compared to priority scheduling (PS). The granted users transmit their data by Alamouti -STBC coded 2X2 MIMO system. This normalized priority scheduling achieves BER performance similar to priority scheduling (PS) along with improved service fairness. To achieve better fairness among users threshold based fair scheduling has described.
Threshold based Fair Scheduling (TFS)
Threshold based fair scheduler proposed in [12] is based on "on-off based scheduling(OOBS)" proposed in [16] that computes offer-able SNR threshold 'Th' by using average of minimum SNR and maximum SNR of active user. Then 'R' resources are granted to the users in the time slot k t based on first come first serve if their SNR ≥ 'Th'. Let 
This TFS scheme provides better link level performance but at the cost of poor resource utilization. In this scheduling the user is scheduled if their channel strength exceeds required threshold value. In MU-MIMO system, if number of user scheduled by this scheduler is less compared to L resource, then the remaining resource become unutilized during the particular time slot. A new multi-parameter based user scheduling (MPS) algorithm is developed for improving the system performance and service fairness.
Multi-Parameter based Scheduling (MPS)
Basically, TFS considers only one user parameter (i.e. channel quality) for scheduling. Also it considers one group of user (i.e. the user's SNR is above threshold) whereas Multi-parameter based user scheduler schedules the user based on users' SNR and their demand rate. During guard period this scheduler receives the information about each user channel quality and their demand data rate. Using this user's values the scheduler computes three equal SNR regions SNR L , SNR M and SNR H in every time slot that is based on maximum SNR value of the current active users as given in Eq. 2. Similarly it computes three equal rate regions Rate L , Rate M , and Rate H in every time slot as given in Eq. 3. In this simulation minimum user SNR to be served is assumed to be 1db. If any user SNR is less than 1db, it will not be taken into consideration for scheduling since those user channel quality will be very poor (more noise or interference or fading than signal).
Then it schedules the user based on case described in the Table 1 . Fig. 2 shows the MPS scheduling flow diagram. Fig. 3 . This is a modified MTCAS resource allocation flow diagram [17] . Here MPS scheduled user is according to MPS scheduling.
This scheduler considers the user who comes under six regions for performance enrichment and resource utilization instead of one SNR threshold considered in TFS. The idea of this scheduling is to combine max-min scheduling; priority scheduling and threshold-based scheduling. If none of the users are in scheduled list, the scheduler waits for next guard time. If all users are in the high SNR region and low Rate region, the scheduler achieves full fairness and acts as fair scheduler during that time. Since this scheduler maximizes the minimum date rate user flow whose channel quality is good, it achieves the BER improvement and it achieves better resource utilization because it considers many user regions.
The performance of the proposed scheduler is compared with other scheduling policies like fair scheduling (FS), priority scheduling (PS), and threshold-based fair scheduling (TFS) using simulation.
Performance Measure
In the simulation the following measure has been carried out.
Bit Error Rate (BER) measurement
BER of a wireless communication system is defined as the ratio of number of error bits and total number of bits transmitted during a specific period. It is the likelihood that a single error bit will occur within received bits, independent of rate of transmission.
Packet Delivery Ratio (PDR)
PDR of a wireless network is defined as the ratio of received packets with respect to transmitted packets. In this work, we have considered 64 bytes as one packet and number of bits taken for simulation is 10 6 .
Fairness
As far as fairness measure is concerned, we take the order of service into consideration. If the users are served on first come first serve (FCFS) basis, then it is a full fair scheduler.
Resource utilization
Resource utilization is a measure of the percentage of available antenna resource which has been allocated for transmission. It is defined as the ratio of number of resource granted by the scheduler for active user with respect to total number of available resource at the base station.
Simulation Results
The system is modeled using one base station, 'N' number of active users and 'L' number of resource available at base station. The BS receives all active users' SNR and their demand rate. The performance of scheduling is simulated under each user has 2 antennas and demand 2 antenna resources from the base station. In this 2x2 MU-MIMO system the user data's are transmitted via Rayleigh channel after Alamouti -Space Time Block Coding (STBC). Simulation parameters [17] are shown in Table 2 . For this simulation user SNR is chosen between 1db and 25db. Because any user whose channel is considered to be noisier if their channel strength is lower than 1 db and maximum boundary is chosen as saturation point beyond which the link level performance is almost flat. Since this MPS scheduler maximizes the minimum demand rate user whose channel quality is good, the scheduler achieves improved BER performance. Also this scheduler consider six user regions described in Table 1 , there will be improved level of resource utilization as compared to threshold based fair scheduler.
The BER performance of MPS is shown in Figs. 4 and 5 under user variation with number of available resource L =6 and 9 respectively It shows clearly that when the number of user increases, there is a chance of selecting user till the (SNR M , Rate H ) region and hence resources are utilized properly at the cost of small degradation in BER performance. When there is less number of active users, i.e. closer to L, there will be more chance to schedule the number of best user according to case table and, hence, BER performance is improved. From the Figs. 4 and 5, it is clear that MPS out performs threshold based fair scheduler. The BER performance of MPS becomes closer to TFS when the number of users is more compared to available resources. From Fig. 4 , it is observed that the average BER performance of MPS is 3×10 -5 when L=6 and N=22. This is around 25% improvement compared to TFS.
The Simulation results of BER values of MPS with L=6 are shown in Table 3 . From Table 3 , it is observed that MPS always outperforms TFS and NPS. It is observed that MPS gives best BER performance when the active users are closer to available resource (L=80% of users) and there will be a small degradation in BER performance in other cases.
When the number of resource available is closer to number of active users (L=80% of active user. i.e. L=6 and N=7), there is a chance of scheduling less number of best users come under MPS case table. Hence MPS performance is best under this region by sacrificing the little resource utilization. Under the resource constrined suituation (i.e L=60% or 30% of number of users),there is chance of scheduling more number of users, hence resouce utilization increases and BER performance of MPS is little reduced.
The BER performance of MPS under resource variation is shown in Fig. 6 . It shows that the multi-parameter based scheduling performs well compared to normalized priority scheduling when the number of resources exceeds 59 percent of number of users. Otherwise, NPS gives better performance because it serves the group of best users. When the available resource increases and becomes closer to the number of users, normalized priority scheduling gives the same performance as FS. Also it is clear that the MPS outperforms TFS due to MPS first schedule SNR H region users who transmit lesser amount of data. The packet delivery ratio (PDR) of this scheme under active user variaton with L=6 & 9 is shown in Figs. 7 and 8 respectively. Since this scheduler maximizes the minimum data rate flow, the packet delivery ratio of this scheme will be better than TFS. This is shown in Figs. 7 and 8 .
The packet delivery ratio (PDR) of this scheme under resource varion is shown in Fig. 9 . The PDR performance of MPS scheme is found improved compared to the TFS scheme and less as compared to NPS when number of resources is less than 59 percent of the number of users. Also it is observed that when the number of resources is greater than 59 percent of the number of users, the PDR performance of NPS deeply decreases and the MPS is able to maintain above 95% of PDR performance.
Resource utilization of MPS is shown in Fig. 10 and it is found that MPS resource utilization is improved compared to TFS.
When the number of available resource is less than or equal to 56 percent of active users, all schedulers utilize the entire available resource. In other regions, MPS resource utilization is improved as compared to TFS. When L=9 along with N=13, MPS resource utilization is 89% and TFS resource utilization is 77%. From Fig. 9 , it is also observed that MPS resource utilization performance is improved by 12% compared to TFS at this point.
Conclusion
This paper has described multi-parameter based scheduler that works based on active users' channel strength and their demand data rate. This scheduler combines the max-min scheduler, priority scheduler and threshold based scheduler. The performances of this scheme with BPSK modulations in flat Rayleigh fading channels is compared with other scheduling schemes such as FS, NPS and TFS. From the simulation results it is found that MPS outperforms other scheduling schemes in average BER, PDR performance. This scheme provides a network BER of about 3*10 -5 and PDR of 97%. Also it is observed that the average BER performance of MPS is 3*10 -5 when L=6 and N=22. This is around 25% improvement compared to TFS. MPS resource utilization is 89% when L=9 and N=13. This is improved by 12% compared to TFS at this point. This work can be extended by implementing this MPS scheduler in cooperated multiple base station MIMO network. 
